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(54) REFLECTION TYPE LIQUID CRYSTAL DISPLAY ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the element, which has 
superior display visibility in an environment of deficit external light, 
without deterioration in display performance by arranging a 
polarizing plate, a specific liquid crystal operation layer, a 
cholesteric polarizing element, and a back light in this order. 
SOLUTION: The liquid crystal operation layer 11 has nearly A/4 
retardation and rotates its optical axis by almost 90° in plane 
parallel to the layer surface according to a voltage application 
state. Linearly polarized external light passes through the light 
liquid crystal operation layer 1 1 applied with a specific voltage to 
become clockwise circular polarized light, 100% of which is 
reflected by a clockwise spiral cholesteric polarizing element 12 
and passes through the liquid crystal operation layer 1 1 again to 
become linear polarized light. This linear polarized light is 

transmitted through the polarizing plate 10 and observed as reflected light L2, thus making a light 
display. When the liquid crystal operation layer 1 1 is not applied with the specific voltage, on the other 
hand, the external light L1 passes through this liquid crystal operation layer 1 1 to become 
counterclockwise polarized light, which is not reflected by the cholesteric polarizing element 12, but 



.12 




i% 



passed through the cholesteric polarizing element 12 as it is, thereby making a dark display. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 

3 In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] The reflected type liquid crystal display element which comes to arrange in this order a polarizing plate, 
the liquid crystal operation layer which it has [ layer ] lambda/4 of retardations mostly, and rotates about 90 
degrees of opticals axis in a field parallel to a layer front face according to a voltage impression state, a cholesteric 
polarizing element, and a back light. 

[Claim 2] The reflected type liquid crystal display element according to claim 1 characterized by for the electric 
supply ON and OFF to the aforementioned back light having been interlocked with, and preparing the control 
means which reverse the light-and-darkness display in the aforementioned liquid crystal operation layer. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the reflected type liquid crystal display 
element which raised especially the display visibility in the environment for which outdoor daylight was 
insufficient by having a back light in detail about a reflected type liquid crystal display element. 
[0002] 

[Description of the Prior Art] the former -- for example, "month-long LCD Intelligence" magazine The liquid 
crystal display element (LCD) which has the outstanding feature of lightweight, a thin shape, and a low power is 
beginning to be applied to the display for personal digital assistants etc. as shown in the 51-74th page of the 
August, 1996 issue. And the reflected type liquid crystal display element with an unnecessary back light is also 
briskly developed in this feature at the maximum energize sake. 
[0003] 

[Problem(s) to be Solved by the Invention] by the way, this reflected type liquid crystal display element does not 
have outdoor daylight — it is — it is — in environments, such as few night, it is very difficult to check a display by 
looking This point is a problem big when applying a reflected type liquid crystal display element to the display for 
personal digital assistants etc., it is a certain technique, and enabling the check by looking of a display also in 
environments, such as night, is called for. 

[0004] However, generally, since the reflected type liquid crystal display element is equipped with the reflective 
mirror which is from aluminum etc. on the tooth-back side (seeing from an element front-face side background) of 
a liquid crystal operation layer in order to gather the reflection factor of outdoor daylight, though it makes the 
tooth-back side of this reflective mirror equip with a back light, it cannot use light from there. 
[0005] Then, although using a one-way mirror as the above-mentioned reflective mirror is also considered, in such 
a case, in case a reflected type liquid crystal display element is used in a bright environment, the reflection factor 
of a reflective mirror will fall, and display visibility will be spoiled remarkably. 

[0006] Moreover, although preparing a light in the side of a reflected type liquid crystal display element, drawing 
the light from there with a light guide board, and irradiating the front-face side of a liquid crystal operation layer is 
also considered, concavo-convex structure required in order to take out light from a light guide board in that case 
will degrade a display performance. 

[0007] It aims at offering the reflected type liquid crystal display element which this invention is made in view of 
the above-mentioned situation, and is excellent in the display visibility in the environment for which outdoor 
daylight was insufficient, and degradation of a display performance does not have, either. 
[0008] 

[Means for Solving the Problem] The reflected type liquid crystal display element by this invention has lambda/4 
of retardations mostly with a polarizing plate, and it comes to arrange in this order the liquid crystal operation layer 
which rotates about 90 degrees of the optical axis in a field parallel to a layer front face according to a voltage 
impression state, a cholesteric polarizing element, and a back light. 

[0009] In addition, in this reflected type liquid crystal display element, it is desirable for the electric supply ON 
and OFF to a back light to be interlocked with, and to prepare the control means which reverse the light-and- 
darkness display in a liquid crystal operation layer, 
[0010] 

[Effect of the Invention] The outdoor daylight which penetrated and linearly-polarized-light-ized a polarizing plate 
at the time of the reflective mode in_which a back light is not made to turn on in the reflected type liquid crystal 
display element by this invention of the above-mentioned composition will turn into the right-handed circularly 
polarized light, if the portion of the liquid-crystal operation layer which has taken one side of two optical-axis 



switch states which rotated 90 degrees mutually penetrates, and if the portion of the liquid-crystal operation layer 
which has taken another side of the above-mentioned optical -axis switch state penetrates, it will turn into the left- 
"< handed circularly-polarized light. One side reflects these right-handed circularly polarized lights and the left- 
handed circularly-polarized light by the cholesteric polarizing element, and another side penetrates this cholesteric 
polarizing element. 

[001 1] Before it uses as a liquid crystal operation layer the right or the left-handed circularly-polarized light 
reflected by the cholesteric polarizing element reentry putting and it uses incidence to this liquid crystal operation 
layer first, it is changed into the linearly polarized light of the same direction, and the above-mentioned polarizing 
plate is penetrated. Since this light is observed as the reflected light, the portion which this reflected light has 
penetrated serves as the Ming display. In the portion in which the above-mentioned left or the right-handed 
circularly polarized light penetrated the cholesteric polarizing element to it, since the reflected light is not 
observed, this portion serves as a dark display. 

[0012] At the time of reflective mode, the Ming display and a dark display can be set up as mentioned above, and 
it can display a binary picture. 

[0013] On the other hand, in the environment for which outdoor daylight was insufficient, visibility can improve 
image display by making a back light turn on. That is, among the right-handed circularly polarized light emitted 
from the back light in that case, and the left-handed circularly-polarized light, only one side penetrates a 
cholesteric polarizing element and reaches a liquid crystal operation layer. If this right or left-handed circularly- 
polarized light penetrates the portion of the liquid crystal operation layer which has taken one side of two optical- 
axis switch states which rotated 90 degrees mutually, it will become the linearly polarized light of the sense 
parallel to the transparency shaft of a polarizing plate, and this linearly polarized light will penetrate a polarizing 
plate. Then, this portion serves as the Ming display. If the above-mentioned right or the left-handed circularly- 
polarized light penetrates the portion of the liquid crystal operation layer which has taken another side of the two 
above-mentioned optical-axis switch states to it, it becomes the transparency shaft of a polarizing plate, and the 
linearly polarized light of the right-angled sense, and, as for this linearly polarized light, penetrating a polarizing 
plate does not have ****. Then, this portion serves as a dark display. 

[0014] Also at the time of back light lighting, the Ming display and a dark display can be set up as mentioned 
above, and it can display a binary picture, and the time of this back light lighting — a part for the Ming display — 
back light light — almost is used for the Ming display of the whole quantity, and efficiency for light utilization is 
fully raised 

[0015] A display performance seems moreover, not to deteriorate in the reflected type liquid crystal display 
element of this invention, for this concavo-convex structure, since the light guide board which leads lighting light 
to the front-face side of a liquid crystal operation layer, the concavo-convex structure for taking out light from 
there, etc. are unnecessary. 
[0016] 

[Embodiments of the Invention] Hereafter, with reference to a drawing, the gestalt of operation of this invention is 
explained in detail. Drawing 1 and drawing 2 show roughly the reflected type liquid crystal display element by one 
operation gestalt of this invention, and the state in case drawing 2 uses the state in the case of using drawing 1 in 
reflective mode for a back light again, switching on the light is shown. In addition, the right half in each drawing 
and the left half show the portion from which the voltage impression state to a liquid crystal operation layer differs 
mutually, respectively. 

[0017] This reflected type liquid crystal display element has lambda/4 of retardations mostly with a polarizing 
plate 10, and it comes to arrange the cholesteric polarizing element 12 of a right spiral, and a back light 13 in this 
order as the liquid crystal operation layer 1 1 which rotates about 90 degrees of the optical axis in a field parallel to 
a layer front face according to a voltage impression state, and an example as illustrated. 
[0018] A back light 13 is not turned on as electric supply to a back light 13 is set to OFF and it is shown in 
drawing 1 , when using this reflected type liquid crystal display element in reflective mode. On the other hand, 
outdoor daylight LI passes a polarizing plate 10, turns into the linearly polarized light (the sense of this linearly 
polarized light is a longitudinal direction in drawing as an example), and reaches the liquid crystal operation layer 
11. 

[0019] In the portion of the liquid crystal operation layer 1 1 to which predetermined voltage was impressed shown 
in the left half of this drawing, saw from the travelling direction of the above-mentioned linearly polarized light, 
and will be rotated [ the ] leftward by 45-degree optical axis from the linearly polarized light. The linearly- 
polarized-light-ized outdoor daylight LI turns into the right-handed circularly polarized light by passing such a 
liquid crystal operation layer 11. This right-handed circularly polarized light is by the cholesteric polarizing 
element 12 of a right spiral. It is reflected 100%, and by passing the liquid crystal operation layer 1 1 again, before 



carrying out incidence to this liquid crystal operation layer 11, it becomes the linearly polarized light of the same 
direction. Since this linearly polarized light penetrates a polarizing plate 10 and it is observed as the reflected light 
L2, the portion of the liquid crystal operation layer 11 to which the above-mentioned predetermined voltage was 
impressed serves as the Ming display after all. 

[0020] To it, in the portion of the liquid crystal operation layer 1 1 shown in the right half of drawing 1 , saw from 
the travelling direction of the linearly polarized light which passed the polarizing plate 10, and will be rotated 
[ the ] rightward by 45-degree optical axis from the linearly polarized light. In addition, the switch of such an 
optical axis is realizable by changing the size of the voltage impressed to the liquid crystal operation layer 1 1, or 
polarity. The linearly-polarized-light-ized outdoor daylight LI turns into the left-handed circularly-polarized light 
by passing this liquid crystal operation layer 1 1. It is not reflected by the cholesteric polarizing element 12 of a 
right spiral, but this left-handed circularly-polarized light passes this element 12 as it is. Then, the portion of the 
liquid crystal operation layer 1 1 shown in the right half of this drawing 1 serves as a dark display. 
[0021] Since the Ming display and a dark display are obtained according to the switch state of the optical axis of 
the liquid crystal operation layer 1 1, a display of a binary picture is attained [ in / this reflected type liquid crystal 
display element / as mentioned above ]. In addition, as above cholesteric polarizing elements 12, what is shown, 
for example in JP,6-281814,A can be used. 

[0022] Next, with reference to drawing 2 , the image display at the time of outdoor daylight being insufficient is 
explained. When using a reflected type liquid crystal display element in such an environment, a backup light 
switch (not shown) is turned ON, and as shown in this drawing, a back light 13 is turned on. In addition, the switch 
state of the optical axis in the right half of the liquid crystal operation layer 1 1 of this drawing 2 and a left half is 
the same as the thing in drawing 1 . 

[0023] At this time, the right-handed-circularly-polarized-light component of the light emitted from the back light 
13 is reflected in a back light 13 side by the cholesteric polarizing element 12 of a right spiral, and only a left- 
handed-circularly-polarized-light component passes the cholesteric polarizing element 12. 

[0024] In the portion of the liquid crystal operation layer 1 1 to which predetermined voltage was impressed shown 
in the left half of drawing 2 , the above-mentioned left-handed-circularly-polarized-light component is changed 
into the linearly polarized light of the sense perpendicular to the transparency shaft of a polarizing plate 10. Since 
this linearly polarized light cannot penetrate a polarizing plate 10, the portion of the liquid crystal operation layer 
1 1 of the above-mentioned left half serves as a dark display. 

[0025] In the portion of the liquid crystal operation layer 1 1 shown in the right half of drawing 2 , the above- 
mentioned left-handed-circularly-polarized-light component is changed into the transparency shaft of a polarizing 
plate 10, and the linearly polarized light of the same direction to it. Since this linearly polarized light penetrates a 
polarizing plate 10 and it is observed as the transmitted light L3, the portion of the liquid crystal operation layer 1 1 
shown in the right half of this drawing serves as the Ming display after all. 

[0026] In addition, with the above operation form, correspondence with the voltage impression state and light-and- 
darkness display to the liquid crystal operation layer 1 1 is opposite mutually in the time of reflective mode and 
back light use. Then, the electric supply ON and OFF to a back light 13 is interlocked with, and if the control 
means which reverse the light-and-darkness display in the liquid crystal operation layer 1 1 are prepared, 
correspondence with the above-mentioned voltage impression state and a light-and-darkness display can be carried 
out in common in the time of reflective mode and back light use. 

[0027] (Example) The orientation film which consists of polyimide SE-130 by Nissan Chemical Industries, Ltd. 
was formed in each front face of two glass substrates with an equipped with the ITO transparent electrode 
thickness of 7mm on the spin coat, and, subsequently rubbing processing was performed. Those glass substrates 
were arranged so that the direction of vacuum evaporationo might serve as anti-parallel mutually, and they were 
built into the gap 2micrometer cell. Vacuum heating pouring of ferroelectric liquid crystal constituent DOF-0005 
by Dainippon Ink & Chemicals, Inc. was carried out, and it considered as the liquid crystal layer at this cell. 
[0028] The drive circuit which impresses direct current voltage through the above-mentioned ITO transparent 
electrode was prepared to this liquid crystal layer. Moreover, when this direct current voltage was made into one 
polarity, the director of liquid crystal was set up so that it may be in the state where the saw from the travelling 
direction of the linearly polarized light which passes a cell, and 45-degree optical axis rotated rightward from the 
linearly polarized light. And the liquid crystal operation layer which comes to prepare a liquid crystal layer in this 
glass substrate was placed in between, and the cholesteric polarizing element and polarizing plate of a right spiral 
have been mutually arranged to the opposite side, and the back light was allotted to the outside (a liquid crystal 
operation layer and opposite side) of a cholesteric polarizing element. 

[0029] When the reflected type liquid crystal display element of the above-mentioned composition was put on the 
bottom of sufficient lighting light and the direct current voltage of +10V and -10V was impressed to the.liquid 



/crystal layer one by one, the clear reflection factor change according to each voltage polarity was shown. 
[0030] Furthermore, when this reflected type liquid crystal display element was put on environment without 
irradiation of outdoor daylight, back light light was irradiated and the direct current voltage of +10V and -10V was 
impressed to the liquid crystal layer one by one like the above, the clear reflection factor change according to each 
voltage polarity was shown also in this case. 

[0031] In addition, the mode in which the antiferroelectricity liquid crystal other than the mode using the 
ferroelectric liquid crystal of the above-mentioned example as a liquid crystal layer mode of operation which can 
be adopted suitable for the reflected type liquid crystal display element of this invention is used, in plain switching 
mode, etc. are mentioned. 

[0032] Even when applying what mode of operation, a liquid crystal operation layer needs to be what it has 
[ what ] lambda/4 of retardations mostly, and rotates about 90 degrees of the optical axis in a field parallel to a 
layer front face according to a voltage impression state. The gap in elliptically polarized light from the circular 
polarization of light is prevented by these things, and the contrast of an element becomes good as a result. 
[0033] Making the switching angle of an optical axis into about 90 degrees as mentioned above can be attained by 
using the liquid crystal constituent the tilt angle of whose is about 45 degrees, when using a ferroelectric liquid 
crystal and antiferroelectricity liquid crystal, and, in the case of in plain switching mode, it can attain by setting up 
applied voltage sufficiently greatly. What is necessary is on the other hand, just to carry out selection use of the 
liquid crystal material which adjusts the thickness of a liquid crystal layer or has suitable refractive-index 
anisotropy deltan, in order to set a retardation as a request value. 

[0034] Moreover, the wavelength dispersion of the retardation of a liquid crystal operation layer is so desirable that 
it is small, and, for that, should just carry out selection use of the small liquid crystal material of a wavelength 
dispersion. Moreover, a wavelength dispersion can also be made small by arranging the retardation film in which 
the grade of a wavelength dispersion differs from a liquid crystal constituent greatly so that it of a liquid crystal 
operation layer and the optical axis may cross at right angles, and adjusting the thickness of a film or a liquid 
crystal operation layer so that a synthetic retardation may become lambda/4. 

[0035] on the other hand - as a cholesteric polarizing element -- the right and the left -- anything of the direction 
of a spiral is usable moreover, the outside of the arrangement position of this cholesteric polarizing element is 
immediately sufficient as a liquid crystal operation layer - it carries out or is still better also as between a 
transparent electrode and orientation films etc. between a transparent electrode and a glass substrate 
[0036] Moreover, a simple matrix or an active matrix is sufficient as the drive mode of the reflected type liquid 
crystal display element of this invention. Furthermore, in the reflected type liquid crystal display element of this 
invention, surface acid-resisting processing and anti glare processing may be performed, and a light filter may be 
added. 
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ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain the element, 
which has superior display visibility in an environment of 
deficit external light, without deterioration in display 
performance by arranging a polarizing plate, a specific 
liquid crystal operation layer, a cholesteric polarizing 
element, and a back light in this order. 

SOLUTION: The liquid crystal operation layer 11 has 
nearly A/4 retardation and rotates its optical axis by almost 

90° in plane parallel to the layer surface according to a 
voltage application state. Linearly polarized external light 
passes through the light liquid crystal operation layer 1 1 
applied with a specific voltage to become clockwise 
circular polarized light, 100% of which is reflected by a 
clockwise spiral cholesteric polarizing element 12 and 
passes through the liquid crystal operation layer 1 1 again 
to become linear polarized light This linear polarized light 
is transmitted through the polarizing plate 10 and 
observed as reflected light L2, thus making a light display. 
When the liquid crystal operation layer 11 is not applied 
with the specific voltage, on the other hand, the external 
light L1 passes through this liquid crystal operation layer 
11 to become counterclockwise polarized light, which is 
not reflected by the cholesteric polarizing element 12, but 
passed through the cholesteric polarizing element 12 as it 
is, thereby making a dark display. 
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